Abstract. We determined the 15180 variations in the latewood of tree rings from four silver firs (Abies alba Mill.) for the period 1840-1997 at a mountain site in Switzerland, establishing the longest available tree ring record for 8180 in central Europe. The isotope ratios were determined on whole wood with a rapid continuous flow pyrolysis technique, thus avoiding cellulose extraction. We found significant correlations with 8180 tree ring records from the same region, although these involved different materials (cellulose extracted from whole rings rather than latewood) and different species. This indicates that physical factors are more important than biological influences as a determinant of 8180 in tree rings. The isotope tree ring chronology was highly correlated with the oxygen isotope variations in the June/July precipitation for the period 1972-1992 (r=0.72), and ill8 0 in whole wood of tree rings is therefore well suited for the reconstruction of ill8 0 in precipitation. We found a slow, quasi-periodic variation of the 8180 series with a periodicity of--24 years, which is correlated to variations in the July temperature. This could be caused by fluctuations in the large-scale atmospheric circulation over Europe and the North Atlantic, which may result in a change in source and flow path of atmospheric moisture, affecting the isotope ratio of precipitation in Switzerland. Although a significant correlation with summer temperature was found (p<0.01), the low correlation coefficient (r=0.31) indicates that the 8180 variations cannot be explained by temperature variations alone. However, even when considering that the factors influencing 8180 in precipitation are not yet fully understood, our study shows the potential of tree rings to provide long records of 8180 in precipitation for continental areas, which will improve our understanding of the causes of natural perturbations of the climate system.
Introduction
Variations in the oxygen isotope ratio of water and organic matter have long been recognized as a valuable tool in climate research. Ice cores, sea sediments, and tree rings are natural archives for oxygen over various timescales and time resolutions [Hoej•, 1987] . Significant climatic changes, such as the glacial to Holocene transition, are reflected in a drastic change in the oxygen isotope ratio.
The analysis of 8180 from recent meteoric water showed that in middle and high latitudes the temperature at the location of the precipitation is probably the most important determinant of the isotope ratio but also that the source of moisture, the atmospheric circulation pattern, and the continentality play an important role [Rozanski et al., 1993] . The spatial relation of 0.7%døC [Dansgaard, 1964] [Saurer et al., 1997a] . Uncertainty over the use of tree rings in reconstructing 15180 arises from the complexity of the transfer function between oxygen in the soil water and oxygen in the cellulose or wood. First, soil water may not ideally reflect the isotopic composition of precipitation because of evaporation, causing a gradient with depth or isotopic inhomogeneity in the soil. This factor is, however, of minor importance in temperate regions (in contrast to arid regions). Second, and most significant, there is an oxygen isotope enrichment in the leaf water due to transpiration. This enrichment can be as high as 20%0, depending mainly on the relative humidity of the atmos- 
Sampling and Sample Preparation
In April 1998, four dominant silver fir trees (Abies alba) were sampled by taking three to four cores at breast height 
Isotope Analysis
The 180/160 ratio was determined with an on-line pyrolysis system [Saurer et al., 1998 ] consisting of an elemental analyzer (EA 1108, Fisons, Italy) coupled to an isotope ratio mass spectrometer (delta-S, Finnigan MAT, Germany). The samples (1.5 mg) were loaded in tin capsules and dropped in the pyrolysis tube (1080øC, filled with glassy carbon) under a helium stream of 150 mL/min. After the pyrolysis, the oxygen of the sample was found mainly as CO and was analyzed for the mass ratio 30/28. The amount of oxygen found as CO2 was below 5% and did not significantly affect the reproducibility of the method. Impurities (e.g., N2) were separated from the CO with a molecular sieve 5A, whereas traces of water and CO2 were removed with chemical adsorbants (Microanalysis, United Kingdom). Each sample was compared to an internal CO standard gas, whereas calibration versus VSMOW was done by comparing with a standard cellulose analyzed with the nickel tube pyrolysis method [Saurer et al., 1998 ] The single tree curves of raw ring width measurements for all the sample trees are presented in Figure 2b , whereby the first considered year for the four investigated trees was 1830, 1830, 1838, and 1862. The germination date may roughly be estimated to be 10 years earlier and therefore the trees were -150-180 years old. Cross-dating was successful, as indicated by the high degree of common variance in some periods (e.g., 1860-1865) and the synchronous occurrence of pointer years, i.e., extreme narrow or wide rings. All trees show synchronous pointer years (e.g., 1860-1870, 1896, 1922, 1956, and 1976) , and some years (e.g., 1956) can be related to extreme climatic (e.g., frost) events. All trees show an age trend, but the tree ring patterns are very different for each tree, and no synchronous whereas precipitation amount and relative humidity are negatively correlated. When calculating yearly means of the climate data, a significant relationship with the tree ring isotope curve still exists. This is also true for the means of the months May to August. This means that the tree ring curve does not only record information for July but also gives some indication of the climatic conditions during the whole growing season, in agreement with phenological observations. However, the correlation between the year-toyear variations of the climate parameters and the isotopes as given in Table 2 is quite low. This indicates that the short-term variations in 8180 of tree rings as well as in perature and precipitation changes. We calculated the 1 O-year running mean of the tree ring isotope curve to investigate the long-term variations (Figures 2a and 4a) . The graph reveals a striking feature: a slow, quasi-periodic variation. This is confirmed by spectral analysis (Figure 5 ), which gives a highly significant peak at 24 years. A second peak at 10 years is also present (not significant). In Figure 4 (Table 2) further supports this conclusion.
The comparison of the Bettlachstock chronology with other series from the same region can be regarded as a further test to assess whether biological factors can be exvery encouraging to find significant correlations with other series even when these involved different tree species (Fagus sylvatica, Picea abies), different material (whole year/cellulose), and differing site conditions. In our opinion, this clearly suggests that the ;5180 in tree rings is to a large extent physically determined, despite a shift in the isotope ratio between soil water and organic material being in precipitation suggests that the influence of relative humidity cannot be large. We saw no age effects in the oxygen isotope ratios in the tree rings. The carbon isotope ratio often increases over the first 20-50 years of a tree's life [Francey and Farquhar, 1982] . Such a trend would indicate a biological, nonclimatic effect, but it is not present in our data. The slow, interdecadal variation of 8•80 in our tree ring series might be related to some growth variations of the trees rather than a climatic signal. Rhythmic growth fluctuations have been reported for a large number of trees in Switzerland [Schweingruber et al., 1990] , although the reason is not well understood. These growth variations were similar to 8iD fluctuations in spruce trees from south Germany reported by Lipp et al. [1992] , which showed a period of-14 years. However, for the tree ring width series of the trees at our study site, neither a rhythmic variation nor any similarities with the 8•80 curve were found. We therefore be- Periodic variations of climatic parameters have often been related to external factors. On a very long timescale these are, in particular, the Earth's orbital arrangements (Milankovitch's theory of the ice ages) and, on a shorter time scale, e.g., the 11-year sunspot cycle [Schove, 1983] . The relationships between tree ring data (ring widths) and sunspots have long been investigated, but no evidence of significant and consistent correlation has been found [LaMarche and Fritts, 1972] . The Hale cycle is another well-known cycle which is also related to disturbances of the Sun (magnetic polarity reversal of the sunspots). This cycle exhibits a period length of 22-23 years, thus in the same range as found in our tree ring fi180 series. Whereas the cycle is undoubtedly a physical reality, it is not easy to demonstrate the effect of this cycle on the Earth's climate [Fairbridge, 1984] . Nevertheless, in many climatic records, periodicities around 25 years have been found, particularly in Europe. However, these periodicities are not necessarily caused by external forcing [Lamb, 1972] . Some examples for parameters varying with a 20-25 year period given by Lamb [1972] Siberia and Iceland, precipitation amount at several European stations and the maximum area of ice formed on the Baltic Sea. However, since the underlying time series are too short (-150-300 years), it is not possible to decide whether these phenomena are really cyclic.
Conclusions
Our data indicate that the oxygen isotope variations in tree rings are to a large degree physically determined despite large fractionation between soil water and organic matter and that biological factors, such as growth variations or ageing, are of minor importance. We thus find latewood •180 of Abies alba to be a reliable archive for •180 in summer precipitation, confirming results from other species. We find temperature to be an important determinant of the fi180 variations, whereby this holds for year-to-year as well as for decadal-scale variations. There are periodic changes in fi180 which could be caused by large-scale changes in the atmospheric circulation pattern over Europe and the North Atlantic Ocean. Furthermore, we conclude from our data that the analysis of whole wood instead of cellulose may well be justified for climate reconstruction. This finding in combination with the rapid development in continuous flow oxygen isotope analysis should foster the more widespread application of the method and enable the development of long fi180 chronologies in the future.
